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EDITORIAL 


CLINICAL RESEARCH 


Tue early years of the nineteenth century witnessed the birth and adoles- 
cence of the modern conception of veterinary science. 

The literature of the period, as portrayed in the short-lived Hippiatrist and 
its more robust successor, the Veterinarian, reveals to a reader that amongst 
the pioneers of the profession there were men who were profound students of 
the natural history of disease. They recorded their observations with a clarity 
which is remarkable even when measured by modern standards, and by doing 
so the first lights of the true nature of disease appeared and the concepts on 
which rational therapeutic practice is based were founded. 


The myths and fallacies of twenty-five centuries which had for so long 
impeded the progress of veterinary science, began to lose their omniscience, and 
practitioners looked to experiment rather than to philosophy for the explanation 
of their problems. Claude Bernard, the great French physiologist, was one of 
the leading exponents of this new outlook. He disliked accepted formule, for 
he said: “A true scientist had no fixed starting point. He observed facts 
and deduced a hypothesis, and tested the accuracy or fallacy of the latter by 
experiment.” In our own land, John Hunter, whose researches into comparative 
anatomy and physiology had such a remarkable influence on medical thought 
and practice, in one of his letters to Jenner, said: “ Why think? Why not try 
an experiment?” John Hunter was one of the founders of the Camden Veter- 
inary School, and although he died only two years after it was opened it is 
interesting to note that one of the objects of the new venture was: “For this 
purpose of suggesting and trying experiments with a view to throwing light 

(The July issue of The British Veterinary Journal was published on July 8). 
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upon the animal economy and discovering the effects of medicine upon 
different animals which shall be purchased for the ‘purpose.” 


The search for the truth by experiment met with a ready response amongst 
the clinicians, and many of their discoveries were disclosed following therapeutic 
trial on the patients which were brought to the hospital practice. New and old 
remedies were put to the test, and as a result some were discarded whilst others 
had their efficacy commended. It must be remembered that at this time 
Physiology was in its infancy and those subjects which are embraced under 
the title “‘ Pathology ” were as yet unborn, except as regards macroscopic morbid 
anatomy. The gradual evolution of the experimental idea prepared the way 
for the reception of the germ theory as an explanation of the cause of disease, 
and this, when accepted, opened the door to other avenues of scientific investiga- 
tion, particularly those concerned with nutrition and the biochemistry of the 
animal body. 

The research work conducted by such as Almroth Wright, Mellanby and, in 
recent years, by Fleming and Florey is the direct outcome of the pioneer efforts 
of the clinicians of the nineteenth century. In recent years research activities have 
tended to diverge from the clinical viewpoint... This was because much of the 
fundamental groundwork necessary to scientific progress appeared to have little 
practical purpose or application. This phase is now passing and the way is 
open for the clinicians to collaborate whole-heartedly with their colleagues in 
the laboratory and resume the proud place they held in the days when experi- 
mental research was in its infancy. 
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BRACKEN POISONING IN CATTLE 


GENERAL ARTICLES 


STUDIES ON BRACKEN POISONING IN CATTLE—PART I 


By W. CHARLES EVANS, M.Sc., Ph.D,, F.R.I.C., 
Department of Agricultural Chemistry, University College of North Wales, Bangor. 


E. T. REES EVANS,* B.Sc., M.R.C.V.S., 
Animal Health Section, University College of Wales, Aberystwyth. 


L. E. HUGHES, M.R.C.V.S., D.V.S.M., 
Veterinary Investigation Department, Aberystwyth. 


Ir has been known for a long time that bracken fern (pteridium aquilinum) 
is poisonous to horses and cattle and may cause their death (1, 2, 3). Sheep 
often graze on bracken-infested land, yet it is doubtful if bracken poisoning 
occurs in this species, although one suspected case has been reported (4). The 
selective grazing habits of sheep, coupled with their ability to tolerate, under 
experimental conditions, greater quantities of bracken as compared to cattle, 
ensures that they seldom eat sufficient of the plant to be troubled by its toxic 
properties, which are known to be of a cumulative nature. Bracken rhizomes are 
dug up and eaten regularly by pigs, apparently without ill effects (5), although 
deaths have been reported on occasion (6). 

Outbreaks of bracken poisoning in cattle are often sporadic. Morbidity is 
usually low, but mortality high. In certain seasons, losses of stock from this 
disease have been known to reach crippling proportions on individual hill farms. 
The danger of its occurrence is an important factor in the utilisation, of upland 
pastures, where the acreage covered by bracken may be very extensive. 

The ecological conditions usually conducive to outbreaks of bracken poison- 
ing in cattle on hill grazings are those causing scarcity of pasture herbage, e.g., 
adverse climatic conditions in late spring, such as drought or cold weather, or 
the overstocking of restricted areas. Bracken grows vigorously and hungry 
animals will eat it, thereby, it is suspected, acquiring a taste for the plant. 
The incidence of the disease is highest in late summer, presumably after quantities 
of bracken have been ingested. Boddie (7) mentions the belief prevalent amongst 
Scottish husbandrymen that losses among hill cattle may be avoided by their 
removal to low ground free from bracken at three-weekly intervals. Wells (8) 
records bracken poisoning in cattle under a different set of environmental 
conditions. Parkland had been ploughed up and reseeded to new leys; there 
remained, however, areas of untreated land covered with bracken. Agisted 
cattle were grazed on the plentiful lush herbage, but during August and September 
bracken poisoning developed among some animals. Twenty-seven animals were 


* Now at The Veterinary School, Cambridge. 
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affected, and twenty died from the disease. The cattle had gained access to 
the standing unploughed bracken and browsed upon it, here and there areas 
of over an acre had been bitten down to half the normal height. Consider- 
able quantities had been consumed and the circumstances of this outbreak point 
to seasonal effects. The year, 1948, was extremely good for grass and a, stock of 
700 head could not keep down the grass on 400 acres of reclaimed iand. In 
August it was lush and rank. Apparently under such circumstances cattle develop 
a craving for fibrous material which they satisfy with bracken if nothing else is 
available. Clearly it would be wise in areas of this kind to put down straw or hay 
as an alternative form of roughage, but it is easy to be wise after the event. 
Bracken is cut for bedding in some areas, and in Wales this is normally 
done after the harvest, when the plant is turning brown (September to October). 
Sometimes it is cut green and sun-dried for this purpose; losses from bracken 
poisoning have been known to occur in calves due to them eating their bed- 
ing (9). 
pyc have been engaged in investigations on the biochemistry and toxic 
properties of bracken for some years, with the ultimate objective of elucidating 
the nature of bracken poisoning in livestock. The results so far obtained show 
that in the rat (10, 11, 12) and horse (13, 14, 15) the symptoms which develop 
on the inclusion of sun-dried green bracken to an otherwise complete diet are 
those of an avitaminosis B,. Aneurin therapy is capable of curing the animals 
if administered in time. Furthermore, natural outbreaks of bracken staggers in 
horses have been treated successfully with this vitamin. Biochemical work has 
revealed the presence of a powerful thiaminaze in bracken in common with other 
pteridophyte spp. (16, 17). This enzyme appears to be analogous to that found 
in carp, which was described as the causative agent of the Chastek paralysis 
syndrome in foxes fed on a diet containing raw carp (18, 19, 20). The demon- 
stration of a thiaminaze in bracken was the ‘first indication of the occurrence of 
such an enzyme in the plant kingdom. It explains adequately the anti-aneurin 
properties of this plant when included in the feed of simple-stomached animals 
like the rat and horse, since it acts on dietary aneurin causing cleavage of the 
molecule into its pyrimidine and thiazole moieties, which are unable to replace 
the intact vitamin in mammalian nutrition. 

Bracken poisoning in cattle, however, presents lesions which are not those 
normally associated with a vitamin B, deficiency, neither does the condition 
respond to aneurin therapy (21, 22). On the other hand the authors are not 
aware that an avitaminosis B, has been produced in an animal with a functioning 
rumen. The synthesizing activities of the rumen micro-flora are known to be 
adequate for providing the needs of the host animal in the case of most members 
of the B-complex group of vitamins (23, 24). It is not clear what significance, 
if any, bracken thiaminaze has in the etiology of bracken poisoning in cattle 
since the disease in this species is predominately hemorrhagic in nature, whereas 
this is definitely not the case in animals with a simple stomach. It is thought 
ms oi clinical symptoms in cattle may vary according to the age of the animal 
25), thus :— 
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The “ enteric ” type, which is the commoner in adult cattle, presents symp- 
toms of depression, anorexia, enteritis, with frequent blood clots in the faces. 
Petechial hemorrhages are numerous on the visible mucous membranes, and 
there may be bleeding from the nostrils, intestinal and urogenital tracts, especially 
in the terminal stages when there is always a high fever (107-109°F.). We have 
not seen an animal recover after showing these acute symptoms. Post-mortem 
examination reveals extensive haemorrhages throughout the tissues of the body, 
with numerous ulcers in the digestive tract. 

The “ laryngitic” type is shown commonly, but not invariably, by calves 
suffering from bracken fern poisoning. Affected animals appear dull and listless, 
with excessive mucous discharge round the nostrils and mouth. An cedema, of 
the throat region, leading to difficulty in breathing and roaring, is characteristic 
of this type. There are no external signs of bleeding, but a high temperature is 
registered invariably. At post-mortem examination petechial haemorrhages may 
be observed, but there is little evidence of gross internal bleeding. 

In neither type is there a resemblance to the inco-ordination phenomena 
typical of bracken staggers in the horse, although occasionally weakness of the 
legs may be noticed. Cattle affected with bracken poisoning show symptoms 
rather similar to those seen in some acute infectious diseases. There was con- 
troversy in the early literature on this topic: some believed the condition to be 
essentially a hemorrhagic septicemia, whilst others incriminated a plant poison. 

The condition has been reproduced experimentally in cattle by several 
workers (26, 27, 28) by the feeding of raw or sun-dried green bracken either 
alone or mixed with hay, over varying periods of time (30 to 80 days). A rough 
and staring coat, with an excessive mucous discharge from the mouth and nose, 
is seen a week to a fortnight before the onset of the acute clinical symptoms. 
Cattle in fairly poor or good bodily condition may suddenly show symptoms of 
bracken poisoning if they have eaten a fair amount of the plant. Furthermore, 
animals have been known, in our experience, to succumb with typical symptoms 
several weeks (up to eight weeks) after any possibility of access to the plant could 
have occurred. During this period the cattle had been removed to good! pasture 
and had a fair appetite. 

In acute bracken poisoning, prognosis is grave, as most affected animals die 
within a few days of the appearance of symptoms, irrespective of age. In 
natural outbreaks it is usual for some animals to be less affected than others, 
and some of the sub-acute ones may recover on removal from bracken-infested 
areas. No therapeutic agent of value is available for the treatment of affected 
cattle and, in our experience, there is none which will affect the final outcome. 
This is contrary to the course of bracken staggers in the horse, in which, in our 
experience, the prognosis is favourable provided the animal is given aneurin 
therapy shortly after the inco-ordination symptoms become evident. 

The predominantly hemorrhagic nature of bracken poisoning in cattle 
suggests that it is a different disease, and therefore the findings of our previous 
work on other species (11, 13, 14) are not necessarily relevant in this case. 
Whilst working on bracken staggers in the horse (14), we observed that 
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during the onset of the inco-ordination symptoms, changes occurred in the blood 
elements resulting in a leucocytosis and a thrombocytopenia. These disappeared 
when the ponies recovered following aneurin therapy. In the same year (1949) 
two field cases of bracken poisoning in cattle showed a prolonged bleeding time, 
of over thirty minutes, and the white cell count in each case was greatly depressed 
(to circ. 700 per c.mm.). No polymorphonuclear leucocytes were seen in blood 
smears prepared from one of these animals. As the result of a systematic study of 
experimentally produced bovine bracken poisoning, Shearer (28) in 1945 
reported no change in various biochemical components of the blood or in the 
number of erythrocytes, but he omitted to examine the leucocyte and platelet 
elements. In 1947, however, Schofield (29) reported a leucopenia and an 
agranulocytosis in certain members of a herd of cattle that had suffered losses 
from bracken poisoning. Some of these animals died. Robinson in the same 
year (30) also recorded a thrombocytopenia and a prolonged clotting time 
at slaughter, in similar cases of bracken poisoning. Faulds (30), who did 
the hematological work on Robinson’s cases, expressed the view that the 
condition was a toxemia, and that the cause of death was essential thrombo- 
cytopenic purpura. ‘ 

Our knowledge in this field was so confused in 1947 when Boddie (7) 
reviewed it, as to elicit his comment : “ It can justly be said that the experimental 
work on bracken poisoning has been carried out on too small a scale to be 
conclusive, arid the detailed chemical investigations are not yet sufficiently 
extensive.” 

In view of the uncertainty of the hematological findings in cattle bracken 
poisoning, and the reports from veterinary practitioners of thé failure of 
aneurin therapy, a clarification of the position was essential before progress could 
be made. This communication presents the detailed results of investigations 
made between 1949 and 1951. The objectives of this work were as follows :— 

(1) The experimental production of bracken poisoning in calves and adult 
cattle. 

(2) A detailed investigation into the hematology of the condition, including 

"a observations on the bone-marrow. 

(3) To ascertain the presence or otherwise of an avitaminosis B,. 

(4) To find whether steamed bracken, in which the thiaminaze had been 
inactivated, was still toxic to cattle. 

(5) A bacteriological investigation of the blood during the onset of symptoms. 

(6) To test the value of certain therapeutic agents. 

In addition, an opportunity arosé of making observations on two field 
outbreaks of bracken poisoning in cattle, one of which resulted in the loss of 
twenty-two pedigree Friesian heifers. These outbreaks were of great value, since 
they enabled us to compare experimentally produced cases with those occurring. 
under natural conditions. 

A summary of the essential results of these investigations (31) was given by 
one of us at the Ordinary General Meeting of the Association of Veterinary 
Teachers and Research Workers, held at the Royal Veterinary College, London, 
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on April 6, 1951, the abstracts of which were precirculated. They were submitted 
to the Agricultural Reséarch Council, as a report, in 1951, and distributed. 
Confirmatory evidence of the abnormal hematological findings has beén 
obtained by Guilhon and his collaborators (32-36), Jacquet (37), Naftalin and 
Cushnie (38), and Osebold (39). A review article on bracken poisoning in cattle 
by Stamp (40) appeared in 1947; the general position has since been brought up 
to date very clearly by Sippel (41) in 1952. 

For the purposé of presentation, the experimental results are given in the 
chronological order in which they were obtained. The detailed hematological 
tables will appear later in, the appendices.* 

Methods 

The following experimental procedures were employed :— 

Aneurin estimations were made on blood, tissues and urine, by the thiochromé procedure 
of Harris and Wang (42, 43) and a (44), after pre-digestion with 
papain and taka-diastase whére necessary. e Hilger Fluorimeter was used to measure 
the fluorescence, 

Blood Pyruvic Acid by the method of Friedman and Haugen (45). 

ane Analyses of Feeds. A.O.A.C. Handbook (Official Methods), Seventh Edition, 


Specific Gravity of Blood and Plasma by the copper sulphate method of Phillips et al. (46). 

Plasma Protein Estimations by the method of Phillips and Van Slyke and co-workers (47). 

Plasma Prothrombin. OQuick’s Single Stage Method (48), using bovine brain extract and 
Russell Snake-venom as sources of thromboplastin. 

Capillary Fragility. The Dalldorf negative pressure method, quoted by Aggeler, Howard 
and Lucia (49) 

Bleeding Time. Duke’s method, quoted in Todd and Sandford (50). 

Clot Retraction as quoted by Aggeler et al. (49). 

Clotting Time—method of Lee and White, quoted by Wintrobe (51). 

Platelet Count—direct method of Rees and Ecker (52). 

Bone marrow smears by sternal biopsy method, given in Leitner e¢ al. (53). 


Ordinary Hematological Methods according to Holman (1944) in Clinical Hemato! 
‘Section of Boddie’s Veterinary Diagnosis (54). Wintrobe tubes were used for Packed 
Volume (P.C.V.), they were centrifuged for 45 minutes at 3,000 r.p.m. Hemoglobin was 


‘estimated by the Sahli method. 

1949 Experimental Production of Bracken Poisoning (Cwmwythig Farm) 

In January, 1949, experiments were instituted to cause bracken poisoning 
in cattle. At this time little was known of the stage of growth at which bracken 
‘was toxic, although a few investigators had reproduced the condition experi- 
mentally (26, 27, 28). In spite of this, some veterinary surgeons and farmers 
were not convinced that bracken was toxic to stock. 

A source of bracken harvested late in 1948 was available, but it contained 
little green material, having been gathered in October of that year. Subse- 
quently, another source harvested in 1947 was obtained which was slightly 


greener in appearance. 
First Experiment 
Animals and diets: (a) Two yearling Welsh Black heiférs were fed on circ. 
5 lb. chaffed bracken (1948 sample), mixed with ti Ib. hay péf day. 
* Appendix tables will be published at the end of Patt 3 of these stiidies. 
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(b) Two yearling Welsh Black heifers serving as control animals were fed on 
oat sheaves (5 Ib.) together with 11 Ib. hay per day in the same cow-shed. 
Water was given ad lib. 

Duration of experiment: From January 24, 1949, until March 6, i.e., 41 
days. Approximately 200 lb. of bracken was consumed by each of the two 
yearlings. On 6/3/49 the bracken sample was changed to that harvested in 
1947 and fed at a rate of 6 lb. per day for a further 38 days. In all, over a 
period of 80 days, a total of 433 Ib. of bracken had been consumed by each 
of the experimental animals. 

Observations: Regular recordings of rectal temperatures; blood sampled 
for pyruvate estimation and bacteriological examination. 

Results: Bracken poisoning did not occur during the period of the 
experiment. 

The above experiment impressed upon us the necessity of starting with 
recently-harvested green bracken.: Through the kind co-operation of the 
Montgomeryshire A.E.C., three tons of green bracken were harvested in good 
condition and milled during the latter weeks of June and first week of July, 
1949. ‘The analysis of this sample of Montgomeryshire bracken was :— 


Percentage in Dry Matter. Trace minerals (parts /million). 
Crude protein 12.95 CaO 0.15 Mn 180 


Crude fibre 33-7 P.0s 0.28 Fe 151 
Ether Extract 1.05 M,O o.12 Cu 16 


Ash 5-47 K,O 1.49 Co 0.27 
Na,O 0.56" 


Second Experiment 


Animals and Diets 
Group A. Nos. 1 and 2—Welsh Black heifers (16 months). Diet: Ground 
bracken only ad lib. 
Group B. Nos. 3 and 4—Welsh Black bullocks (16 months). Diet : Ground 
bracken plus 2 oz. dried yeast per day. 
Group C. Nos. 5 and 6—Two Welsh Black bullocks (14-18 months). 
Diet : Oat sheaves plus hay. 
All the animals were housed in the same cow-shed, fed by the same attendant 
and water was offered ad lib. The objects of this experiment were :— 
(a) To produce clinical bracken poisoning in cattle. 
(b) To test the value of dried yeast when fed with the bracken. 
(c) To test the value of aneurin and some of the other members of the “ B- 
complex ” as curative agents. 
(d) To make some observations on the blood picture in experimentally 
produced bracken poisoning. 
The results are shown in Table 1. 
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PLATE I 


Fic. A 
Bracken poisoning; bleeding from the nostril. 


Fic. B 
Petechial hemorrhages on the 
conjunctiva 


(Article by Evans, Evans and Hughes, page 295) 
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PLATE Il 


Fre: 
Ulceration of the duodenal mucosa. 


Fic. D 
Extensive haemorrhages throughout the carcase. 


(Article by Evans, Evans and Hughes, page 295) 
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These results show that the disease was produced in four animals and that 
202. dried yeast per day had no effect upon the course of the disease. Vitamin 
B,, either alone, or when combined with some of the other members of the 
“ B-complex ” given parenterally after the onset of symptoms, did not alleviate 
the condition. (Vitamin B-complex used: Aneurin, 100 mg.; riboflavine, 
too mg.; nicotinamide, 100 mg.; pantothenic acid, 100 mg.; pyridoxine, 
100 mg.; inositol, 100 mg.; biotin, 20 mg.; p-aminobenzoic acid, 100 mg.; folic 
acid, 20 mg.; choline chloride, 400 mg.). The hzmatological findings and 
pyruvate estimations are recorded in Appendix Table No. 1, in which it is shown 
that a fall in the leucocytes occurred before clinical symptoms appeared and a 
fall in the erythrocytes was evident in the terminal stages of the disease (Figure 1). 
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1949 Experiments. Animals 1 to 4 on a bracken diet. Animals 5 and 6 
controls, on a normal diet. Note the severe leucopenia shown by the bracken 
poisoned animals. 
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Animals (Nos. 1 to 4) were examined post-mortem and the main lesions were 
consistent with those reportéd’ in bracken poisoning. (See Figs. A, B, C and D, 
which illustrate the visual hemorrhagic lesions shown by these cattle). 


1949-50 Experimental Production Of Bracken Poisoning In Calves. 
(Cwmwythig Farm). 

Naturally occurring cases of bracken poisoning in calves have been 
described by Craig and Davies (9) and others, especially under conditions where 
green-dried fern is used as bedding. It was thought that young animals might 
prove more convenient and economical than adult cattle. The plan of the 
calf feeding experiment was as follows :— 

Animals and diet. 

All calves were approximately six months old. 

Calf No. 
; Montgomery ground bracken, ad lib. 

Same as No. 7. The animal was treated with aneurin (50 mg. 

parenterally) after the onset of symptoms. 

Same as No. 7. The animal was treated throughout the experiment 

with aneurin (50 mg. parenterally), three times per week. 

Same as No. 7, but treated throughout the experiment with aneurin 

(50 mg.) and nicotinamide (100 mg.), parenterally, three times 

per week. 

Same as No. 7. No treatment. 

Same as No. 7, but treated throughout the experiment with a “ B- 

complex ” as follows :— 

Aneurin (50 mg.); riboflavin (100 mg.); nicotinamide (100 mg.); 
p-aminobenzoic acid (100 mg.); folic acid (20 mg.); choline chloride 
(400 mg.); pantothenic acid (100 mg.); inositol (100 mg.); biotin 
(20 mg.); pyridoxine (100 mg.); parenterally, three times per week. 
11 & 12. Bracken which had previously been steamed (100°C. for 30 mins.); the 

daily ration was mixed with 1-2 lb. of molasses. 

13. Same as No. 7. The daily ration was mixed with 1-2 lb. of molasses. 

Water was given ad lib. to each calf. 

A summary of the results of these calf feeding experiments is given in 
Table 2. The hematological results are recorded in Appendix Table 2. A . 
pronounced leucopenia was shown by calves dying from bracken poisoning. 

The experiments with the first six calves (i.e., 7-10) were performed before 
those on the last three (i.e., 11-13). The Montgomery ground bracken had 
proved consistently potent; the fact that the animals had lost weight, however, 
suggested that inanition might have been a complicating factor. It was there- 
fore decided to add molasses to the bracken, with the object of increasing food 
consumption. As the bracken was equivalent in chemical composition to good 
hay, the animals should benefit thereby, if this is indeed an indication of its 
feeding value. 

About this time, biochemical work on the anti-aneurin factor in bracken 
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‘had shown it to be inactivated by live-steam, using the rat and chemical 
‘methods of assay (11, 16, 17). 

Calves Nos. 11 and 12 were given steamed ground bracken, with 1-2 lb. 
‘of molasses mixed with it in the daily ration (7-8 lb.). Calf No. 13 received 
‘unheated ground bracken with an equivalent amount of molasses, and acted 
as a control to the former animals. 
Summary of results of the 1949 cattle and calf experiments. 

(1) Bracken poisoning was produced in calves and older cattle by feeding 
recently harvested air-dried green bracken. In these experiments, the two 
‘clinical forms of bracken poisoning seen under natural conditions were produced, 
j.e., a hemorrhagic form in older cattle and a form characterised by a relative 
absence of gross hemorrhage with a tendency towards an cedema of the jowl 
cand neck in calves, although this was not always present. 

(2) Liberal dosages of aneurin (100 mg. per day) given parenterally did 
‘not affect the course of the disease in adult cattle, once symptoms were well 
‘established. 

(3) Dried yeast, in the dosage (60 g. per day) given by mouth, during the 
‘whole period of the experiment did not prevent the onset of bracken poisoning. 

(4) A combination of the “Vitamin B-complex” (aneurin, 100 mg.; ribo- 

‘flavine, 100 mg.; nicotinamide, 100 mg.; pantothenic acid, 100 mg.; pyridoxine, 
100 mg.; p-aminobenzoic acid, 100 mg.; inositol, 100 mg.; biotin, 20 mg.; folic 
acid, 20 mg.; choline chloride, 400 mg.;) given parenterally, had no effect on 
‘the course of the disease in adult cattle when given after the onset of symptoms. 

(5) In calves, neither the parenteral administration of aneurin alone, nor 
‘in combination with the “‘ B-complex” above, during the whole course of the 
‘experiment, had any material effect on the progress of the disease. 

(6) It appeared from a preliminary experiment that molasses in some way 
prevented the disease from developing, or that something happened to the ground 
‘bracken on admixture with molasses, rendering it non-toxic.| No conclusion 
‘could be drawn as to the effect of steaming alone, since this could not be 
‘separated from a possible molasses effect. 

f It has since been found that allowing air-dried bracken to stand in a moist condition 


‘causes the pH to become acid; amongst other possible effects of this treatment, it is 
‘known to inactivate the thiaminaze in the plant. 
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PARATUBERCULOSIS (JOHNE’S DISEASE) 
OF SHEEP IN ICELAND 


Immunological Studies and Observations 
on its Mode of Spread 


By BJORN SIGURDSSON 
The Institute for Experimental Pathology, University of Iceland, Keldur, Reykjavik. 


EXTENSIVE outbreaks of paratuberculosis or Johne’s disease in sheep have 
occurred in Iceland during the past 15 years. It may be stated with almost com- 
plete certainty that the infection was not present in Iceland before 1933, when 
the disease was introduced with 20 sheep that were imported from Germany 
for breeding purposes. As mentioned in my first lecture (Sigurdsson, 
1954) these 20 sheep were distributed to 16 different farms scattered all over 
the country. Each farmer received one ram except in one case where five 
animals, some of them ewes, were retained together. Five years later Johne’s 
disease was discovered for the first time in Iceland on one of these farms. At 
about the same time infection was found also to have taken place on four 
more of the 16 farms into which the rams had been introduced. At least five 
of the 20 sheep imported from Germany were therefore carriers of paratuber- 
culosis, although this disease is not considered to be prevalent in sheep in that 
country. This import of sheep, although disastrous from the aspect of animal 
husbandry is extremely interesting from an epidemiological angle. 

The infection was first discovered in Iceland in 1938, and by 1939 it was 
clear that five separate foci had been established. Maps 1, 2 and 3 indicate 
roughly how the disease has spread in the intervening years.* Doctor G. 
Gislason, who has followed closely the development of the epizootic has kindly 
permitted me to use these maps showing how the situation has developed. The 
infection has spread slowly but continuously from the original foci in spite of 
the extensive measures aimed at stemming its spread. On two occasions attempts 
at eradication were made by the destruction of all the sheep in an infected area 
but this was not successful. In addition, all the sheep in two of the main 
paratuberculosis areas were destroyed in 1949 and 1951 during the campaign 
against madi, the slow pneumonia of sheep described in my first lecture 
(Sigurdsson, 1954). 

The disease has now reappeared in both areas and it has recently appeared 
for the first time in an important farming district in the west, where it was 
introduced with sheep from an infected area. One reason for this reappearance 
of the infection in sheep is probably that the infection had also spread to 
cattle, and they have carried the organism through the period when no sheep 
were available in the area. 

It is not possible to give exact figures for the number of deaths caused 
umn. Special University Lectures given in the University of 

* See also Map 3, Sigurdsson, July, 1954. Brit. Vet. Journal. 
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by paratuberculosis in Iceland during the past 15 years, but they may be 
estimated as over 75,000 and of these, more than 50,000 occurred in the 
eastern districts of Iceland (see Table 1). At the beginning of this period, 
areas containing about 20,000 sheep were affected and at the present time 
the disease is prevalent in districts containing about 120,000 sheep. 


TABLE I 
Losses from paratuberculosis in Iceland in the period from 1938 to 1953 
Death: 
can No. of sheep in affected area 
Eastern districts bas > 50,000 11,000 to 77,000 
Other districts ... site > 25,000 9,000 to 43,000 
Total > 75,000 20,000 to 120,000 


The corresponding figures for the eastern districts alone amounted to 
11,000 to 77,000. 

The mortality from paratuberculosis in an area in which it has been present 
for two years or more is about 8 or 10 per cent per year; on some of the 
farms it is much higher and creates a serious situation for the farmers. 

The total number of sheep in Iceland has varied in recent years from 
about 400,000 to 700,000 and as most of the meat consumed in Iceland is 
lamb, a sheep disease of this magnitude is of general concern. 

During the first 8 to 10 years, control measures were based exclusively on 
the classical methods of early diagnosis and destruction of suspected cases. This 
has undoubtedly greatly delayed the spread of the disease but has not been 
successful in stopping or eradicating it. Hundreds of miles of fences were put 
up, in order to try to prevent the intercourse of sheep from infected and healthy 
areas and these extremely costly measures have also delayed the spread of 
infection and even stopped it for years at a time. However, no such efforts 
have been able to hold the onslaught for more than a limited number of years. 
The epizootic has progressed slowly and continuously. 

For diagnostic purposes in the individual case of the disease, allergic skin 
tests with johnin or avian tuberculin have been used extensively. Comparative 
tests between johnin and avian tuberculin have been made on a small scale, 
and it has seemed to us from these tests that there has not been a great difference 
between the reliability of the two reagents. In later years avian tuberculin was 
used exclusively for the skin test because some of the preparations of heat con- 
centrated johnin which were available to us were almost useless. On the 
other hand preparations of avian tuberculins have proved relatively uniform in 
potency and were selected for use in routine work. 

Nevertheless it is likely that a standardised product of “ paratuberculin,” 
perhaps a purified protein derivative, derived from cultures of M. paratuber- 
culosis might prove superior to the avian tuberculin. 

The field experience obtained in Iceland with these products is similar 
to that obtained in other countries and may be summarised as follows: the 
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skin tests with either johnin or avian tuberculin is useful for demonstrating 
an allergic response at a certain stage of the disease in most infected animals. 
The tests do not usually detect early infections; then a stage is reached when the 
animal becomes allergic to the product and this is usually some time before 
the first symptoms of the disease appear. In the later stage of the disease, 
when the animal is seriously weakened by the infection, it generally becomes 
anergic, and the skin test is again negative. 
: The skin tests as employed in Iceland are also positive in a considerable 
number of animals which have never been in contact with M. paratuberculosis. 
The majority of these false positive reactors show no evidence of infection 
with any other type of mycobacteria and in Iceland, the number of these 
false positive varies from one district to another. In some districts their number 
is so high as to preclude the useful employment of the skin test, whereas 
in other areas, the skin test is a very useful adjunct to other diagnostic methods. 

Allergy does not appear to be as important a factor in the pathogenesis 
of paratuberculosis as it is in tuberculosis. This is illustrated by the com- 
paratively large quantity of PPD—approximately 3-5 mg.—which is needed to 
elicit a positive reaction. Furthermore, the histological changes, namely the 
giant-cell formation, necrosis and caseation so commonly found in tuberculosis, 
and believed to be linked up with an allergic response, are rarely or never 
found in the intestinal lesions in paratuberculosis although they may be present 
in the lymph glands. It is therefore perhaps not surprising that the allergic 
skin test, which is so extremely valuable as a diagnostic method in the case of 
tuberculosis, has proved disappointing in paratuberculosis. 

A complement fixation test has been developed for the diagnosis of this 
infection (Sigurdsson et al. 19455); the antigenic substance is extracted from the 
infected intestinal mucosa (Sigurdsson, 1945a, 1946, 1947a, 1947b). This test 
has been used on a considerable scale, and is, we believe, more reliable than 
the skin test. Its main advantages are that it gives a positive result at an 
earlier stage of the infection than does the skin test, further and less important, 
it usually remains positive to the end, whereas, as already stated, most animals 
become anergic to the skin test in the last stages of the disease. 

Another important advantage of the complement fixation test is that false 
positive reactions are comparatively rare in sheep—about 2 per cent in healthy 
flocks. This compares very favourably with the skin test where four to five 
times more non-specific reactors are commonly found. 

For a number of years after the epizootic started all animals were destroyed, 
as soon as paratuberculosis was suspected, and the suspicion was based either on 
the clinical appearance of the animal or on a positive outcome of the skin test. 
These measures may have served to decrease the morbidity on the individual 
farm, but in spite of them, losses to the farmers continued to be heavy, and 
many sheep had to be destroyed; these measures also served to delay the spread 
of the infection into new areas. Furthermore, two attempts had been made to 
eradicate the infection from limited areas by destroying all the sheep stock, 
and introducing new sheep the following year. These procedures did not 
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succeed in eradicating the infection from the infected areas, and they could 
not reasonably be expected to do so. 

It became evident that the methods in use elsewhere and those mentioned 
would not be adequate to cope with the situation as it was developing in Iceland. 
The disease continued to spread and to cause very heavy losses, in spite of the 
effort which was put into the control work. Either a more reliable diagnostic 
method would be needed to detect the infected animals, or on the other hand 
an immunising procedure would have to be developed, which would increase 
the resistance of the animals to the infection and thus reduce the losses. 

A brief description of the laboratory aspect of our work with paratuber- 
culosis is given and an approach was made along two main lines. In the first 
place an attempt was made to develop a more reliable diagnostic test. 

When an in vitro serological reaction is to be developed, two main questions 
have to be settled. In the first place a suitable specific antigen must be avail- 
able, and in the second place a convenient and reliable reaction to indicate the 
combination of antibody with this antigen should be at hand. The comple- 
ment fixation test was chosen as the most sensitive indicator reaction and it 
seemed reasonable that the infected tissue itself should provide a suitable antigen. 
The antigen responsible for the development of antibodies in the «infected 
organism undoubtedly arises in the infected tissue and it is reasonable to try to 
isolate the antigen from there, instead of using the highly artificial in vitro 
culture of the organism as a source. 

A number of authors have studied the possibility of employing a comple- 
ment fixation test for the diagnosis of paratuberculosis and different types of 
antigens have been employed, human tubercle bacilli, partially defatted tubercle 
bacilli and also an antigen prepared by a complicated method reported by 
Witebsky, Klingenstein and Kuhn (1931). According to the latter, bacteria 
grown on artificial media were successively extracted with alcohol, pyridin and 
acetone. The residue from the extraction was extracted with benzol; the benzol 
soluble fraction was suspended in water, lecithin was added, and the resulting 
suspension was used in the test. 

Hagan and Zeissig (1933) compared some of these antigens in their work on 
cattle and concluded that such products can be useful for the diagnosis of para- 
tuberculosis under certain circumstances. They report, as did the earlier workers, 
that the test employing them is not specific for Johne’s disease, but is group 
specific in that positive reactions are also given in infections with M. tuberculosis 
var. hominis, M. tuberculosis var. bovis and M. avium. 

These authors have concluded that with these antigens the complement 
fixation test may be useful for diagnosis in the last stages of the disease, but 
that the many false positive reaction precluded the use of the test for general 
diagnostic work except to confirm the allergic test. 

Extracts of organs infected with different viruses have been successfully 
employed in serological reactions for diagnostic and other purposes and these 
extracts repay study because of the information yielded on the pathogenesis of 
the disease in question and because of their practical importance for diagnostic 
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reactions. The contrast between the regularity with which tissue extracts may 
serve as good antigens in virus diseases and the disappointing results with 
bacterial disease, may be due to some fundamental difference between virus 
and bacterial infections. The virus diseases which yield good tissue-antigens . 
are acute infections and the serologically active extracts are obtained from organs 
in which infection has been developing for a few days only. In tuberculosis 
and leprosy, on the other hand, infection may have persisted for months or 
years in the organs that are used and antibodies must be expected to abound 
in such chronically infected organs. An immunological reaction would probably 
prevent an antigen, even if present, from entering a new immunological combin- 
ation and possibly other inhibiting substances might be present to mask the 
presence of an antigen. We had therefore the possibility in mind that even 
if an antigen should be present in the paratuberculosis tissue some special 
measures might be needed in order to demonstrate it in the extract. 

We soon found that simple saline extracts from infected intestinal mucosa 
were inactive as antigens in the complement fixation test employing sera from 
natural cases of paratuberculosis (Sigurdsson, 19454). However, if the infected 
mucosa was dried in a vacuum and ground carefully in a ball mill, followed 
by an extraction in ether or acetone, an active antigen could subsequently be 
extracted in saline. Numerous experiments were made to discover the most 
effective method of extraction, i.e. the method that could give antigen extract 
with the highest titers. The two most important later changes in the procedure 
already outlined are the following : 

In the first place the dry powder obtained after grinding the dried tissue 
in the ball mill is subjected to a preliminary extraction in saline at pH 4.5. This 
step removes an inhibiting substance from the preparation so that a subsequent 
extraction at an alkaline pH gives an antigenic extract of higher potency. The 
second important change is that the extraction of the antigen from the powder 
is carried out at a high pH and at a high temperature. This will release more 
of the antigen from the powder than a less drastic extraction at a neutral pH 
and a lower temperature. The method used at present for preparing the anti- 
genic is roughly as follows : 

Intestines with severe lesions of paratuberculosis and containing a large 
number of acid-fast bacilli are selected. The inflamed mucosa is scraped off, 
frozen and ground in a meat grinder. The tissue is then dried in a vacuum 
oven at about 45° C. After this it is ground in a ball mill for twelve to twenty- 
four hours depending on the quantity. A 3 per cent suspension of the yellow 
powder is prepared in saline, and the pH adjusted to.4.5. After half an hour 
at room temperature the suspension is centrifuged, the sediment is re-suspended 
in the same volume of saline, the pH adjusted to 9.5 and the suspension boiled 
in a closed container for one hour. After this the suspension is centrifuged 
the supernatant is neutralised and constitutes the active antigen. 

The active principle is not soluble in ether or acetone; it is precipitated 
completely by 1 per cent trichloroacetic acid and is also precipitated completely 
by 50 per cent saturated ammonium sulphate. It is not destroyed by boiling, nor 
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does it pass through a dialysing membrane. Extracts have been prepared which 
give a negative Molich test for carbohydrate, but a positive Biuret test for 
protein. We have concluded tentatively that the antigenic component is a 


heat stable protein (Sigurdsson, 19472). 


Be 53 57 63 


Fig. 1 
An active extract was divided in 12 samples, the pH of the various samples 
adjusted as indicated in the graph, the extracts centrifuged the sediments 
redisolved and all samples neutralised. The graph indicates the activity 
of the sediments and the supernatents from the various samples. It is seen 
that the antigen is insoluble between pH 5.3 and pH 3.0. 


The inhibiting substance is removed from the preparations by the acid 
extraction possibly because it is soluble at a pH at which the antigen itself is 
insoluble (Fig. 1) (Sigurdsson 19476). The inhibiting substance is not dialysable, 
‘and it cannot be precipitated with trichloroacetic acid. It is not soluble in ether, 
and it is heat resistant. 

It seems likely that the inhibiting substance is a breakdown product of 
the specific antigen which functions as a simple haptene, and thus prevents 
the combination of the antibody with the complete antigen. The inhibition 
would then be competitive in nature. However, the possibility also remains that 
the inhibitor is an anti-infectious substance of some sort. 

A large majority of intestines which are heavily infected contain the active 
antigen, and usually those with a very large number of bacteria seem to yield 
a more active antigen. The antigen in the mucosa may be a component of 
the bacillus which grows there in enormous numbers or it could be a product 
of the host arising as a result of the morbid process in the organ. The first 
explanation is more likely. One reason for this opinion is that sheep injected 
with artificially cultivated, killed M. paratuberculosis suspended in mineral oil, 
develop antibodies which will fix complement in high titer with antigens pre- 
pared from the mucosa (Sigurdsson and Tryggvadottir,. 1949). 

In common with most other serological or immunological reactions for 


mycobacteria, the present antigen will not distinguish very clearly between 
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infections with different mycobacteria. Sera from active human cases of tuber- 
culosis or leprosy will generally fix complement with the mucosa antigen. On 
the other hand sera from healthy, but tuberculin positive people, will generally 
not react in the test. An active tuberculous process seems to be necessary for 
the serum to be positive. 

The very considerable experience in this field with this complement fixation 
test in Iceland shows that it is better than the skin test with avian tuberculin 
or johnin for the diagnosis of Johne’s disease in sheep. The number of non- 
specific reactors is very much lower than with the skin test—probably 3 to 5 
times lower—and the test is useful for diagnostic work in cattle but then, 
bovine tuberculosis does not occur in Iceland. 

Control measures against paratuberculosis based on early diagnosis and 
destruction of infected individuals are time consuming and costly and the best 
one can hope ta achieve by this method is to keep morbidity at a low level; 
the chances of eradicating the infection from a given area by such methods 
are remote and the relative efficiency of these procedures diminishes as the 
morbidity in the infected population decreases. Procedures of this type giving 
“ diminishing returns ” are not likely to afford a final solution to a problem of 
this kind. It is therefore very tempting to seek other methods of control, and 
the method of choice would undoubtedly be active immunisation, if this could 
be achieved by a safe and inexpensive procedure. 

Two general methods are available to the bacteriologist for testing the 
resistance to infection developing after the application of a given immunising 
precedure. 

If convenient experimental animals of high susceptibility to the infectious 
agent are available in sufficient numbers, it is usually possible to develop methods 
of artificial infection which are quantitative and fairly well standardised. In 
such cases it is possible to measure the resistance which has developed after a 
given immunising procedure by applying to the immunised animals a known 
number of minimal infective doses. By such procedures it should be possible 
to tell how many minimal infective doses a given immunising procedure has 
enabled the animal to withstand. 

The main draw-back of this method is that the challenging inoculations 
usually represent a mode of infection that is unnatural, and cannot be directly 
compared with that which occurs in nature, when the infectious agent enters 
and becomes established by its natural route. 

Resistance to infection which may develop after vaccination, may also be 
measured by testing the proposed vaccine in susceptible populations where 
the disease is occurring naturally. An unvaccinated control group should be 
maintained under the same conditions. Many complicating circumstances are 
liable to turn up, and it may sometimes be difficult to prevent the results from 
becoming distorted by circumstances beyond the control of the experimenter, 
but when this can be avoided the method may be extremely useful. 

Both types of methods have been extensively used in infections with myco-~ 
bacteria and both approaches are laborious and difficult in practice. 
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The laboratory approach, is complicated by the fact that the pathogenesis 
of acid-fast infections is involved as its course and outcome is determined by an 
active interplay between the agent and the infected host in an even higher 
degree than in perhaps most other infectious diseases. The fact that products 
of mycobacteria become toxic only after they have been in contact with the 
host for an extended period of time, and after the host has become allergic, 
bears witness to this fact. 

The only reliable method available at the present time for testing the 
efficacy of an immunising procedure against mycobacteria is to test it in a 
natural host under conditions of infection, as they prevail in nature. According 
to this opinion, a tuberculosis vaccine aimed at provoking resistance to tuber- 
culosis in humans would have to receive its final test in man. The experience 
with BCG vaccination is a good illustration of how difficult it is to get results 
in man that are so conclusive as to command universal acceptance. The only 
possible alternative would in my opinion be to test the procedure in another 
species, where tuberculosis occurs naturally, and where the susceptibility, the 
mode of infection, and the pathogenesis are closely similar to the infection in 
human beings. In so far as work on active immunisation in paratuberculosis 
is concerned there could at the present time be no choice of anything. but the 
natural host, as M. paratuberculosis is not sufficiently pathogenic for any of the 
ordinary laboratory animals, so that these could be used for work of this kind. 
Cattle, sheep, or goats are the most susceptible species, and possibly sheep are 
generally the most convenient and satisfactory of the three for testing an 
immunising procedure. 

The high mortality from paratuberculosis in sheep in some areas in Iceland 
offered an unusual opportunity to test such a vaccine under natural conditions 
of infection. 

French workers have since 1924 practised the inoculation of living M. 
paratuberculosis suspended in oil, subcutaneously in cattle with a view to pro- 
tecting them against paratuberculosis (Vallée e¢ al. 1941). Vallée reported 
in 1941 that up to that time the method had been employed on more than 
250,000 cattle. The French authors state that the method is generally harm- 
less and that it yields good protection against infection. They have reported 
that up to 1932 (Vallée et al. 1934) about 35,000 animals had been treated 
and that the herds on 133 farms, previously heavily infected, had been com- 
pletely protected, and that on 20 other similar farms the method had been 
partially effective. 

The French authors call their method “ premunition” not immunisation 
and they seem to be of the opinion that the efficacy of the procedure is due 
to a mild local infection with the living bacilli. They emphasise the need 
for carefully controlling the pathogenic properties of the bacterial strains used 
for preparing the vaccine. 

It is notoriously difficult to assess the usefulness of a vaccine against a 
disease of this type, unless adequate control groups are kept uninoculated and 
in parallel with the treated animals. This is perhaps particularly true of para- 
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tuberculosis because of its well-known habit of lying latent in a herd and then 
suddenly flaring up. I therefore agree with A. W. Taylor (1951) when he 
states: ‘‘ Vallée, Rinjard and Vallée in 1934 announced good results following 
the use of their vaccine upon many thousand animals in the field. But so far 
as the writer is aware there is little evidence based on controlled experimental 
work, which would enable a true assessment of the vaccine to be made beyond 
that published by Hagan in 1935.” 

Hagan (1935) vaccinated 10 calves with a living vaccine. These 10 calves 
and ro similar unvaccinated control calves were then fed infected material. Four 
of the unvaccinated control animals died of paratuberculosis during the experi- 
mental period, but none of those which had been injected with the living 
vaccine. However, some of the vaccinated animals were clinical cases of the 
disease, when the experiment was terminated. On autopsy anatomical lesions 
of paratuberculosis and acid-fast bacilli were found in 8 out of 10 vaccinated 
animals and in 7 out of 10 of the unvaccinated control group. Hagan con- 
cluded that under the conditions of his experiment vaccination with this type 
of vaccine did not prevent infection through the natural route, but that the 
disease was more severe in the unvaccinated controls. 

Doyle (1945) has reported that no serious ill effects were observed in cattle 
after the subcutaneous inoculation with living bacilli, and that a trial of the 
procedure devised by Vallée and Rinjard was indicated in England. © 

A vaccine containing living virulent M. paratuberculosis would be of 
limited usefulness only, even if effective against the infection. In Iceland the 
use of such a vaccine would be precluded because living virulent bovine strains 
of the organism could not be distributed in the sheep population in a country 
where bovine strains have never been known to occur. On the other hand 
ovine strains have not been available that could be easily cultivated on the 
surface of liquid synthetic media, and thus be used for preparing vaccines on 
a large scale. 

The question whether resistance to mycobacterial infections can be pro- 
voked by a dead vaccine is apparently still a controversial one. A number of 
experiments have been made with human tuberculosis to elucidate this point, 
as far as that disease is concerned employing dead tubercle bacilli suspended 
in water, and most authors have obtained results which indicate that some 
resistance may be provoked by such procedures. The fact that this important 
question has not been settled unanimously bears witness to the extreme difficulty 
involved in measuring resistance to mycobacterial infections adequately. 

We have for some time been interested in the possibility of provoking active 
immunity to paratuberculosis, and our efforts have centred around the 
possibility of using dead bacteria for this purpose (Sigurdsson et al. 1949, 1950, 
Sigurdsson, 1952). 

The vaccine we use is prepared as follows : 

Two bovine strains of M, paratuberculosis are grown on the surface “ a 
synthetic liquid medium until heavy growth is obtained, which usually takes 
about six weeks. The bacteria are collected on a paper filter, the wet mass 
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is placed in glass tubes about one inch in diameter and heated on a water 
bath at 70° C. for one hour. The bacteria are then spread on Petri dishes and 
dried under high vacuum at about 45° C. The dry, brittle mass is tested for 
sterility and then suspended with sterile precautions in light mineral oil, so- 
called Bayol F, containing 0.3 per cent phenol. The amount of dried bacteria 
is so adjusted that the desired doses is contained in 1 ml. of suspension. The 
vaccine is injected subcutaneously on the inside of the thigh. 

In preliminary work it was found that complement fixing antibodies in 
very high titer developed in the blood of sheep, inoculated with heat-killed M. 
paratuberculosis suspended in mineral oil, some weeks after the injection, and 
that these antibodies lasted for long periods of time, sometimes for several years. 
It was also found that cutaneous allergy to tuberculin-like products was pro- 
duced, and that a local lesion developed at the site of the injection and that this 
also persisted for years. It was further established that the most suitable quantity 
of bacteria would be approximately 5 mgms. per dose. Larger doses would 
produce a local infiltrate that was apt to penetrate into the muscle and even 
follow the lymph paths into the internal iliac lymph glands and cause caseating 
lesions there. On the other hand doses smaller than 5 mgms. tended to pro- — 
voke less antibody, and the development of skin hypersensitivity and the local 
lesions was less constant. 

After three years of preliminary experiments in sheep, in which it had thus 
been established that heat-killed M. paratuberculosis suspended in mineral oil 
injected subcutaneously in suitable quantities will elicit a powerful and pro- 
tracted immunological response, it was decided to set up an experiment in the 
field, where natural infection was prevalent to see whether the vaccine would 
elicit resistance to infection. 

In order to test the resistance to natural paratuberculosis infection develop- 
ing after the injection of this type of vaccine, the following experiment was 
made: Six farms in an area where paratuberculosis in sheep was prevalent were 
selected. In the fall of 1947, 1948 and 1949 half of the lambs on each of 
these farms, a total of 289, were vaccinated with this new vaccine. The other 
half or a total of 266 lambs were left as unvaccinated controls. The state of 
health of these lambs was observed until they were killed in the fall of 1951. 
The intestines from lambs dying during the experimental period were examined 
for the presence of Mycobacterium paratuberculosis and Table II gives a list 
of the animals that died from paratuberculosis and from other causes during 
the period of observation in the two groups. It will be seen that sixteen of 
the unvatcinated control animals died from this cause, but none of we 
vaccinated group. 

At the end of the experimental period the surviving animals of 225 
vaccinated and 194 unvaccinated control animals came to autopsy. The 
intestines and mesenteric glands were examined carefully, and at least two 
pieces from each intestine were collected for microscopical examination. Table 
III shows the outcome of these examinations. It will be seen that lesions of 
paratuberculosis were found in four of the vaccinated animals and 21 animals 
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TABLE II 


Deaths in the experimental flocks from paratuberculosis (Ptbc.) and other 
causes (Other) during the period of observation 


VACCINATED CONTROLS 
Died Died 

1948 1949 1950 1951 1948 1949 1950 1951 

AO AO AO FOF 26 
Lambs 1947 90 1 26 9 87 3 25 2 2 13 
Lambs 1948 139 2 19 5 117 2312 .3.2 
Lambs 1949 60 2 62 1 2 
Total 289 16 36 5 17 


TABLE III 


The experimental sheep surviving until the experiment was terminated. 
The table shows the total number of sheep that came to autopsy and also the 
number showing lesions of paratuberculosis (Fohne’s disease) on post-mortem 


examination _ 
VACCINATED UNVACCINATED 
Total No. Extensive Slight TotalNo. Extensive Slight 
t autopsied lesions lesions autopsied lesions _ lesions 
Lambs from 1947 ... 54 2 39 2 

Lambs from 1948 ... 113 2 96 7 7 

Lambs from 1949 ... 58 59 4 I 

Total ... 225 2 e 194 13 8 

4 21 


(1.8 per cent) (10.8 per cent) 


of the unvaccinated group. At least two of the four vaccinated lambs, which 
showed lesions were born of infected mothers and had therefore probably con- 
tracted the infection 4 to 6 months before they were vaccinated. The difference 
in the frequency of specific deaths and in the frequency of specific infections in 
the two groups is statistically highly significant. It could be concluded that 
the procedure had afforded adequate protection under the conditions of the. 
experiment. 

When the first experiment had lasted for three years, and it had become 
evident that the vaccination had provoked a certain resistance to infection, a 
second experiment on a larger scale was begun. 

In the fall of 1950 and 1951 a total of 3,273 lambs on 141 farms in 
some of the eastern districts of Iceland were vaccinated with the new type of 
vaccine. A total of 3,184 lambs on the same farms were kept unvaccinated as 
controls. Paratuberculosis had been prevalent in all the districts and on most 
of the farms in question. The mortality from the disease on these farms was 
very variable, but on many of the farms it was quite high. All the animals 
were numbered and one of our men has travelled through these districts con- 
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tinously from autumn to spring the last three years, in order to follow up the 
results, collect specimens and see that data are collected as carefully as is 
practicable. Specimens of intestines from all animals both vaccinated and un- 
vaccinated which die or are killed are fixed in formalin and sent to the labora- 
tory for microscopic examination. 

Table IV shows the preliminary results obtained in the second experiment. 
It will be seen that 403 sheep out of the 3,184 control animals died from para- 
tuberculosis compared with 23 from the 3,273 vaccinated animals. If we look 
at the lambs from 1950 which have had more time to contract the disease 255 
cases have occurred in the unvaccinated group but only 15 in the vaccinated 
group. 


TABLE IV 


Deaths from paratuberculosis in the experimental groups in the second 
experiment. These are preliminary figures based on data collected up to 
February, 1954 

VACCINATED UNVACCINATED 
Specific % Specific % 
Total deaths mortality Total deaths mortality 
Lambs from 1950 ... 1,283 15 1.2 1,256 255 20.3 


Lambs from 1951 ... 1,990 8 0.4 1,928 148 7.7 
Total 23 0.7 3,184 403 12.7 


These data, although of preliminary nature, confirm the results obtained 
in the first experiment. 

A considerable number of animals, both vaccinated and unvaccinated, 
have perished away from the farms, or under circumstances that have not 
permitted the collection of specimens from their intestines. An examination 
‘of the figures for these missing sheep does not indicate that, had bacteriological 
specimens from these animals also been received, they would have invalidated 
or reversed the results mentioned. On the contrary we find that many more 
animals are missing from the unvaccinated group than from the vaccinated 

up. 
We feel that it may be concluded from the two experiments which I have 
briefly discussed here that resistance to infection with M. paratuberculosis may 
be elicited by heat-killed vaccine suspended in mineral oil. The resistance 
which developed proved to be reasonably adequate for protecting sheep under 
field conditions where paratuberculosis infection had been comparatively heavy. 
It follows from this that in at least one mycobacterial disease adequate resistance 
may be provoked by a dead vaccine. 

Data from the second experiment now in progress will continue to 
accumulate for the next two or three years. We shall have the opportunity 
to analyse the results in a greater detail later. However, the results so 


322 THE BRITISH VETERINARY JOURNAL 


far have been considered sufficiently promising so that we have had to yield 
to pressure from the farmers in the infected areas and issue this new vaccine to 
them in considerable quantities. 

Up to the present time approximately 150,000 sheep have been vaccinated, 
and the farmers in the paratuberculosis areas feel that the outlook for their 
industry has changed for the better but only the future can show whether 
the protection it yields will prove to be adequate. 
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OBSERVATIONS ON THE BLOOD SEDIMENTATION 
RATE AND THE PACKED CELL VOLUME 
OF SOME DOMESTIC FARM ANIMALS 


By SHIRLEY A. BUNCE 


Department of Medicine, Royal Veterinary College and Hospital, Streatley-on-Thames, 
Berkshire. 


Stupres made in this laboratory on the hematology of domestic animals 
revealed the necessity for accurate knowledge concerning the optimum time for 
allowing blood from apparently healthy animals to sediment in order that 
readings of sufficient significance may be obtained, and the length of time 
necessary to centrifuge the blood, and the revolutions per minute which would 
give a reasonably constant packed cell volume. This is essential information if 
comparisons are to be made with blood from diseased animals. A survey of the 
veterinary literature revealed very little information on the subject especially in 
cattle, goats and pigs, and the investigations described below were made both 
to determine the most suitable methods that would give results of reasonable 
accuracy, and to show the variations which occur when the blood of different 
animals is subjected to the same procedure. 

Medical literature contains much information on the factors and conditions 
which influence the blood sedimentation rate and the packed cell volume when 
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dealing with human blood. It is possible, and in fact necessary, that such tests 
should be made under optimum hospital conditions. This is not always possible 
in the veterinary sphere of work and the investigations described were made 
under field conditions and in circumstances which could. be applied in any 
veterinary practice. 

Technique 

All the samples of blood examined were obtained from apparently healthy 
animals and in the case of cattle, from attested herds. Great care was taken, 
when obtaining the samples, to avoid causing undue excitement of the animal, 
as excessive excitement is liable to influence results and abnormal readings are 
recorded. Blood was taken from the jugular vein of the cow, sheep, goat and 
horse, and from the anterior vena cava of the pig. The sample was received 
into 50 ml. bottles containing an anticoagulant and with the exception of the 
pig, the anticoagulant used and found to be suitable, was that described by 
Wintrobe, namely, a mixture of potassium and ammonium oxalate 4: 6. In the 
case of the pig this mixture invariably failed to prevent coagulation and sodium 
citrate was used at the rate of 1 mg. per ml. of blood. This proved the most 
satisfactory of all the anticoagulants used when dealing with pigs blood. All 
investigations were made in duplicate. As soon as possible after obtaining the 
blood, standard Wintrobe tubes were filled and allowed to stand in the vertical 
position at ordinary room temperature. The amount of sedimentation in 
millimeters was noted at the different times described under the particular animal 
in question. The tubes were then centrifuged (using the usual adaptors for 
Wintrobe tubes) at revolutions of 1,000, 1,500, 2,000, 2,500, 3,000 and 3,500 
_ per minute for 15, 30, 45 and 60 minutes. 

The packed cell volume bears a close relationship to the erythrocyte counts 
and thus the cellular counts are included in the data given. Erythrocyte counts 
were made by diluting the blood 1/200 with 3 per cent sodium citrate to which 
1 per cent formalin had been added. Dilutions were made with a Thoma 
Pipette and a hemocytometer with Neubauer rulings was used counting 64 
squares. Two counts were made and any error of 10 per cent or more 
necessitated a recount. 


The Blood Sedimentation Rate 
Cattle. 

The blood sedimentation rate of cattle is much slower than that of man. 
It is also slower than that of the other domestic animals especially the horse. 
It is necessary, therefore, for the blood samples to stand for some considerable 
time before readings of significant value are obtained. 

The tubes of blood were examined hourly for the first twelve hours, and 
it would seem from the recordings made that no appreciable sedimentation 
takes place during this time. At the end of 21 hours, however, the amount of 
sedimentation became stationary, and no further falls were noted even when the 
tubes were allowed to stand for longer periods. Other workers (Ferguson, 1937) 
have taken readings at varying intervals of time, especially during the 7th to 
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12th hours; it would seem from the observations recorded herewith that the 
maximum sedimentation had not been reached. 

The maximum sedimentation recorded in 24 hours was 4.0 mm., the 
minimum being 2.25 mm. From observations made in this laboratory on nearly 
1,000 healthy cows, the sedimentation rate recorded in 24 hours has varied 
from 2.0 mm. to 7.0 mm. The amount of sedimentation in normal cattle is 
therefore small and it is necessary to allow the blood to stand for at least 
24 hours (a more practical and convenient time) before readings are taken if 
this test is to be of any practical significance. 


TABLE I 
Blood Sedimentation Rate of Cattle taken over a twenty-four hour period 
(figures given in millimeters) 


HOURS 

1 2 3 4 5 8 9. 

Cow 1 0 025 05S 075 10 10 10 125 125 15 15 15 25 25 25 25 

£0 80 109 15 15 15 30 30 30 30 
» & O O O75 075 075 10 10 10 10 10 125 125 225 225 2.25 2.25 

» 4 025 05 075 075 10 10 15 20 25 25 275 30 40 40 40 40 

» 5 05 05 10 10 10 10 175 20 20 20 20 20 30 30 30 3.0 

» OS OS 19 18 15 20:20 20 30 30 

Sheep. 


It is questionable whether the sedimentation rate of sheep could be used 
as a clinical diagnostic test, as the results obtained in normal sheep show marked 
variations, not only between individual sheep but also when duplicate tests are 
made on the same blood. Several workers on veterinary hematology have made 
and recorded this observation.’ 

The blood sedimentation rate of sheep is also slow and in this respect 
similar to that of cattle. Continuous readings at half hourly intervals, for the 
first 12 hours showed gradual falls ranging from 1.75 mm. to 4.25 mm.; 
sedimentation became stationary after the 21st hour and readings taken after 
24 hours have elapsed would seem to be the most practical. 

Published figures for the blood sedimentation rate in sheep usually range 
from 2.0 mm. to 3.0 mm. at the end of 24 hours, whereas the figures obtained 
herewith range from 3.0 mm. to 8.25 mm. Figures given by Holman (1944) 
for 51 sheep are of interest :— 


Number of Sheep 11912 6 7 1 3 1 O 1 = 51 sheep 
Amount of Sedimentation 12 3 4 5 6 7 8 g 10 mm. 
TABLE II 


Blood Sedimentation Rate of Sheep taken over a twenty-four hour period 
(figures given in millimeters) 


HOURS 

Sheep 1 05 10 125 15 20 20 25 325 35 375 40 425 80 80 80 80 
‘, 205 O05 075 10 10 10 10 15 175 20 20 20 30 30 30 30 
» 3 075 10 125 15 15 20 20 20 20 20 20 20 425 425 425 4.25 

» 4 025 05 075 0.75 10 10 10 125 175 175 175 175 30 30 30 3.0 

» 5 02 05 O75 10 10 125 15 15 15 175 175 175 30 30 30 30 

» 605 10 15 175 175 20 20 20 20 20 20 20 5.75 5.75 5.75 5.75 
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Goats. 
The rate of sedimentation in the goat is similar, although the actual amount 
of sedimentation is much smaller than in cattle and sheep and readings of 2.0 
mm. to 2.5 mm. only were recorded (one goat gave a reading of 3.5 mm.). In 
spite of this, the test could be put to practical use because it has been found 
that blood from diseased goats show considerable falls in 24 hours; in one case 
a figure of 21.5 mm. was recorded. 


TABLE III 
Blood Sedimentation Rate of Goats taken over a twenty-four hour period 
(figures given in millimeters) 
HOURS 
Goat 1 025 025 05 10 10 10 10 10 10 125 125 125 25 25 25 25 
» 2 05 OS 075 075 10 10 10 10 15 15 15 15 20 20 20 20 
» 3 OS 075 10 10 10 125 15 15 20 20 20 225 30 30 30 30 
» 4 05 OS 075 10 10 10 10 10 20 20 20 20 25 25 25 25 
» 5 OS O05 O75 075 10 10 10 10 125 15 15 15 225 225 225 225 
» 6 OS 05 O05 075 10 10 10 10 10 10 125 125 20 20 20 20 
Pigs. 


The blood sedimentation rate of the pig is much quicker than in the other 
animals previously described. An appreciable fall is reccrded by the 8th hour 
and from then onwards the rate of sedimentation is slower, but at the 24th hour 
readings from 5.5 mm. to 11.0 mm. were obtained. It would seem that the 
blood sedimentation rate of the pig may be observed at the end of the 8th 
hour and the information required can be noted much sooner than is the case 
with cattle, sheep and goats. 


TABLE IV 
Blood Sedimentation Rate of Pigs taken over a twenty-four hour period 
“(figures given in millimeters) 
HOURS 


1 2 3 — 6 7 8 9 10 21 #12 212 23 2 

Pig 1 10 20 425 55 60 65 75 80 80 80 8. 85 11.0 11.0 110 110 

Rag 0.75 10 175 20 25 25 30 30 35 35 35 35 55 55 55 5.5 

- o 0.75 10 125 1.75 20 25 30 325 35 375 40 40 70 70 70 70 

5 ae 05 075 10 125 15 20 20 225 225 25 275 30 50 50 50 50 
fee. 10 #10 #175 20 225 25 30 30 3.0 3.25 3.75 40 625 625 625. 6.25 

» @ 10 125 15 4175 20 225 30 30 30 30 30 30 55 55 55 5.5 

Horses. 


The blood sedimentation rate in the horse is extremely fast and readings 
must be made within a few minutes of the tubes being charged. Accurate read- 
ings are difficult to obtain because of the variations which occur, not only among 
individual horses but also among several samples from the same horse. It is 
considered by those who have studied the blood sedimentation rate in 
horses, that readings should be taken at the roth, 15th, 20th or goth minute 
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(Coffin, 1953, Gilman, 1952). In all the horses investigated, the tubes 
of blood from the same horse showed marked differences in the amount of 
sedimentation at the end of 15 minutes; whereas after 30 minutes the degree of 
sedimentation in the different tubes was fairly evenly distributed. The actual 
rate of sedimentation decreases from the 30th minute but continues during the 
remainder of a 24 hour period, and thereafter sedimentation becomes almost 
stationary. With horse blood early and frequent readings are essential, 
especially during the first 30 minutes. 


TABLE V 
Blood Sedimentation Rate of Horses taken over a twenty-four hour period 
(figures given in millimeters) 


MINUTES HOURS 
lorse 
15 3 4 6 7 99 105103 4 5 6 7 8 9 0 Il 12 23 # 
1 0.75 175 4.75 85 12.75 18.0 20.0 22.5 30.5 33.5 35.75 38.0 39.5 40.25 41.0 41.25 41.75 42.25 46.5 46.5 
2 15.0 19.5 24.0 29.5 38.0 41.0 42.0 42.5 47.5 49.75 52.0 53.0 53.5 54.0 54.75 55.0 57.25 57.75 58.0 58.0 
3 25 205 485 54.5 57.0 58.0 59.0 59.5 61.0 615 62.0 62.0 62:25 62.25 625 625 63.0 63.0 63.5 63.5 
4 40 245 35.0 49.0 53.0 54.5 55.0 55.5 56.0 57.0 57.0 57.0 57.0 57.0 57.0 57.0 57.0 57.0 57.0 57.0 
5 10.0 245 45.5 54.5 56.5 58.5 59.0 59.5 60.5 61.0 61.25 61.5 61.5 61.75 62.0 62.5 62.75 62.75 63.0 63.0 
6 25 475 7.5 12.0 15.75 18.0 21.0 22.5 26.5 295 31.0 33.0 345 35.0 37.0 37.0 37.5 37.5 40.0 400 


The Packed Cell Volume 


The anticoagulant used in the determination of the packed cell volume may 
have a marked effect on the result. It is for this reason that different workers 
have centrifuged blood for varying periods of time and have varied the number 
of revolutions per minute according to the anticoagulant used. It has been 
found in this laboratory that the most constant results were obtained with 
Wintrobe’s mixture of potassium and ammonium oxalate which causes very 
little shrinkage of cells. Sodium citrate was used in the pig for reasons given above. 

The packed cell volume also varies within certain limits according to the 
erythrocyte count and some have attempted (Gilman, 1952) to draw up 
correction charts for the sedimentation rate and the red cell volume; this was 
not attempted in the present investigation. 

Tables VI and VII show the values and the marked variations that occur in 
the packed cell volume when the hzmocrit tubes are centrifuged for different 
periods of time and at different speeds. It is usual to centrifuge tubes of human 
blood for 30 minutes at 3,000 r.p.m., but it will be seen from the data given, 
that in the animals under observation, with the exception of the horse, consider- 
able additional “ packing” occurs when centrifugation is continued for a 
further 30 minutes at this speed. It seems that the volume of packed cells 
is nearing completion when the blood is centrifuged for one hour at 3,000 r.p.m.; 
an increase of speed to 3,500 r.p.m. for the same period of time, does not result 


in any further significant packing. 
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Table VII. The Packed Cell Volume in millimeters when the Blood of normal Pigs and 
Horses is centrifuged for different periods of time and revolutions per minute 


Fig HORSE 

1000 1500 2000° 2500 3000 3500 1000 1500 2000° 2500 3000 3500 
5 770 69.0 640 530 485 47.5 460 455 450 435 430 430 

1 41 72 3 720 645 560 490 440 430 450 440 435 430 420 415 
45 «665 560 485 46.0 425 415 445 435 425 420 415 410 

© 600 505 450 440 400 305 440 430 420 415 410 405 

15 870-835 780 680 520 490 385 380 375 370 365 360 

2 68 55 30 790 730 605 540 470 455 380 375 370 365 360 360 
4% «©6715 610 525 455 450 435 375 370 365 360 355 350 

60 710 590 490 440 420 420 370 365 360 355 350 345 

15-880 430 415 375 330 310 335 330 325 320 320 320 

3 61 54 30 685 360 325 315 300 285 330 325 320 320 315 315 
45 450 340 310 300 280 278 325 320 315 315 315 315 

i 60 380 320 300 290 265 260 320 315 310 310 310 310 
: 15-760 S15 430 410 370 350 405 40.0 390 380 370 360 
4 59 55 30 655 435 375 355 310 300 395 300 380 36.0 355 350 
45 600 400 370 350 280 275 390 375 350 335 330 330 

60 490 370 350 340 270 270 385 360 340 320 31.0 305 

15 945 66.0 500 480 445 395 360 355 350 340 335 325 

5 68 56 30 900 650 460 390 340 325 355 350 340 335 320 315 
45 800 530 410 360 310 300 340 335 330 325 315 310 

6 580 480 365 330 280 2725 335 330 325 320 310 305 

1591.5 460 430 390 355 330 51.0 500 495 490 48.75 4725 

6 63 82 3 855 485 375 365 320 310 305 49.75 485 4775 470 470 
45 670 420 370 360 290 285 495 490 4825 475 4675 460 


64.0 39.0 36.0 34.0 280 275 49.0 48.75 480 460 45.0 44.75 


The variations which occur in the blood sedimentation rate of domestic 
farm animals are described. Sedimentation is slow with cattle, sheep and goats 
and readings at the end of 24 hours are necessary. 

The rate is much quicker in pigs, and readings may be taken at the end 
of the 8th hour. Horses have an extremely fast eenenes rate and record- 
ings should be taken during the first 30 minutes. 

ie ges which take place in the packed cell volume when blood from 
various animals is centrifuged for different periods of time and at varying 
= per minute have also been described. 
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THE FEEDING OF ANTIBIOTICS TO FARM ANIMALS 


rr By W. M. McKAY, Ph.D., M.R.C.V.S. 
Spillers, Ltd.. London. 


Introduction 

A vAsT amount of work has been carried out in the United States and other 
countries on the nutritional value of antibiotics in the diet of pigs and poultry 
since the original work by Jukes and Stokstad in America in 1949. The position 
appears to be that the feeding of an antibiotic supplement is of little value when 
animals and birds are kept under good, clean, hygienic conditions, free of disease 
and with a well balanced diet. Some improvement {is noted when 
they are kept under the usual present-day farmyard conditions, and if in addition 
disease is present, the results can be quite marked. Antibiotics are substances 
which interfere with the life and multiplication of bacteria and the like, and 
include streptomycin, penicillin, aureomycin, terramycin and others. Hundreds 
of antibiotics have been isolated since the discovery of penicillin but not all of 
them are of use to us because of their toxic effects upon the host. 

The first reports in the popular Press upon the use of antibiotics in feeding 
stuffs were very enthusiastic and rather extravagant in their claims. These 
claims gave the impression that pigs and poultry would be bigger than ever and 
that their growth would be increased beyond the normal natural limits by 
feeding antibiotics. This, of course, is not correct, but animals and birds fed 
the antibiotics will grow to their maximum potential under conditions in which 
the growth rate is usually depressed. 


Mode of Action 


The present appraisal for antibiotics for pigs appears to -be as follows :— 

1. Antibiotics of choice for stimulating growth are aureomycin, terramycin 
and procaine penicillin. Bacitracin in combination with penicillin has also 
increased growth rate in some experiments. 

2. The optimum, practical feeding level of these antibiotics is approxi- 
mately 5 milligrams per pound of total ration. Therapeutic levels commonly 
used in treating diseases are 30 to 100 times these recommended levels. (In 
this country we use levels of about 9 milligrams per pound of food fed.) 

3. They are effective in either mash or pasture feeding. The growth 
increments are usually greatest under mash feeding conditions. 

4. Antibiotics of choice increase growth rate 5 to 20 per cent from weaning 
to 200 lb. under certain conditions. 

5. They produce a maximum growth response when fed to young pigs, 
with less increase in gains in pigs from 100 to 200 lb. 

6. When antibiotics feeding is discontinued after pigs reach 75 to 125 lb., 
cessation of the accelerated growth rate occurs and the growth rate then tends 
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to follow that of the controlg. ‘However, the pigs previously fed antibiotics 
maintain their early growth advantage for some time. 

7. Increased appetite is indicated by 10 to 20 per cent greater daily feed 
consumption when an antibiotic is fed. Inasmuch as water consumption is 
positively related to feed consumption, antibiotic fed pigs usually drink more 
water. 

8. Improvement in feed efficiency from antibiotic feeding varies from 0 to 
12 per cent; however, on an average it saves about 5 per cent of the feed 
required (20 lb. per 100 lb. gain) by growing-fattening pigs under average 
conditions. 

g. Antibiotic feeding reduces the number of runts and makes pigs within 
litters grow more uniform in size. Slow-growing, runt pigs can show a dramatic 
response to antibiotic feeding. 

10. One of the most important values of antibiotics in swine rations is 
their ability to control a high! percentage of the non-specific enteritis in swine. 
This has been observed in both experimental and practical farm conditions. 
This has been fully confirmed in the experiments described later in this article. 

11. The response of pigs to antibiotic feeding appears to be in proportion 
to the disease level. Apparently healthy pigs, pigs reared on wire floors, and 
pigs raised on disease-free units have failed to respond to antibiotic feeding in 
well controlled experiments. This has been confirmed by poultry research and 
by disease-free animal research. 

12. Antibiotic feeding alleviates the effects of deficiency of certain nutrients 
in an otherwise well balanced ration. Antibiotic feeding may spare certain 
water-soluble vitamins such as vitamin Biz, riboflavin, pantothenic acid and 
niacin and protein. Apparently the composition of the ration and degree of 
deficiency of the nutrient in question affects the degree of sparing action that 
can be exhibited by any antibiotic of choice. Antibiotics show a definite 
specificity for “sparing” certain vitamins which are present in quantities 
thought to be suboptimal for maximum growth. 

13. Antibiotic feeding does not appear to interfere with the conception 
rate in sows. 

14. Sows fed aureomycin transfer it into their milk, detectable by present 
assay methods if fed at 20 milligrams, or higher per pound of ration. From 
two to four times normal feeding levels must be fed to sows if they are to be 
transferred into the milk for the nursing pigs. 

15. Antibiotics do not replace the necessity of practising careful hygiene. 
However, they do make possible the successful, profitable production of pigs 
under high disease level conditions where such was not possible before. 

The following have not been definitely proved, but the indications are :— 

1. There is insufficient research evidence as to the value of antibiotic feed- 
ing to sows during gestation and/or lactation. However, there is some evidence 
to indicate that antibiotic feeding does not interfere with gestation and lactation 
performance, neither does it appear to benefit the sows except perhaps if 
disease is present. 
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2. There is insufficient research evidence to show whether or not combina- 
tions of antibiotics are more effective than a single antibiotic'“ of choice” when 
fed at equal levels to swine. However, bacitracin seems to be ineffective when 
fed alone, yet when it is combined with penicillin a significant growth increase 
has been obtained. 

3. Antibiotics do not appear to lose their effectiveness when fed 
continuously. However, as animals reach maturity the non-antibiotic fed groups 
tend to catch up with the antibiotic fed animals. Ini fact, after years of anti- 
biotic feeding control pigs show better growth rates than were normal on the 
farms before antibiotic feeding became routine. This would indicate beneficial 
reduction in the bacterial population of the premises as a result. 

4. Aureomycin, terramycin and procaine penicillin seem to be fairly stable 
in dry mixed feeds when stored under good conditions for a practical length 
of time. 

5. Some bacteriological studies of feeces and intestinal tract contents have 
indicated that the feeding of an antibiotic of choice modifies the intestinal flora, 
inhibiting certain classes of micro-organisms and stimulating other types. Con- 
trary to early opinion, antibiotic feeding actually increases the total count follow- 
ing an initial transitory decrease in numbers of organisms. 

6. Although the multiple mode of action of antibiotics is not yet entirely 
known, evidence to date indicates that their activity is confined to modifying 
the intestinal flora, thereby permitting the synthesis of and/or sparing, critical 
nutrients needed by the host (nutritional effect) and/or inhibiting pathogenic, 
semi-pathogenic and/or toxin forming micro-organisms injurious to the host 
(disease control effect). 

Experimental Results 

Extensive comparative trials in pigs (about 2,000 pigs) on some 30 farms 
throughout Scotland, England, Wales and the Channel Islands, have been carried 
out by the writer during the past two years to obtain a cross section; of 
different climatic and other environmental factors such as housing and manage- 
ment. In this test an attempt was made to compare the results of feeding 
aureomycin and penicillin supplemented food with unsupplemented food, in 
suitable litters of pigs. Aureomycin (as Aurofac 2A) was used at the rate of 
18 grammes per ton and penicillin at the rate of 5 grammes per ton, as advised 
by the manufacturers at the time; Aurofac 2a is now recommended at 9 grammes 
per ton. 

In the majority of cases best results were obtained from the aureomycin 
preparation. Several of the results were rather contradictory as could be expected 
from the variety of environmental conditions involved. It was not always 
possible to be satisfied that there was a consequent improvement in the food 
conversion figures but from the figures available they appear to average 2.69 
for aureomycin and 3.21 for penicillin. 

In pigs the administration of the antibiotics was varied in the following 
fashion :— 

A—Antibiotics were provided to slaughter. 
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Ab—Antibiotics to 8 weeks, non-supplemented food to slaughter. 

Aab—Antibiotics to 100 lb. weight, non-supplemented food to slaughter. 

Aba—Antibiotics to 8 weeks, non-supplemented food to 100 Ib. weight, 

then antibiotics to slaughter. 

B—Non-supplemented food through to slaughter. 

Ba—Non-supplemented food to 8 weeks, antibiotics to slaughter. 

Bba—Non-supplemented food to 100 lb. weight, antibiotics to slaughter. 

Bab—Non-supplemented food to 8 weeks, antibiotics to 100 lb. weight, 

non-supplemented food to slaughter. 

A clear impression was obtained that the provision of an antibiotic to 
weaners was the ideal, that is as soon as the young pigs start to take solid food 
at about 3 weeks of age, right through to 100 lb. weight. It was found that 
beyond this stage, that is on the average round about 18 weeks, an antibiotic did 
not always give an increased response, as will be seen from the following table :— 


TABLE I 


Group: A B Ab Ba Aba _ Bab 
Ib. weight 
at slaughter 165 139 171 14! 178 136 176 137 


This shows that the Aurofac fed pigs had a 23 per cent improvement on 
the others. 

In an experiment where an all-vegetable protein ration was compared to 
the normal ration containing animal protein it was found that the inclusion of 
18 grammes aureomycin to the all-vegetable protein ration gave results as good 
as a normal ration containing fish meal, and better than the all-vegetable ration 
alone. The antibiotic in this case also contained appreciable quantities of 
vitamin Biz. Group A was fed an all-vegetable protein ration. Group B 
fed Sow and Weaner Ration containing animal protein. Group C was fed an 
all-vegetable protein ration, plus } per cent Aurofac. The results of this experi- 
ment were as follows :— 


TABLE II 
Feeding Total live-weight Food consumed Average food 
Period gain (Ibs.) (Ibs.) conversion factor 
A 133 A 406 A 3.05 
6 weeks B 141 B 406 B 2.88 
C 149 C 406- C 2.73 
A 351 A 1162 A 3.31 
13 weeks B 380 B 1162 B 3.06 
C 390 C 1162 C 2.98 
A 648 A 2016 A 3.11 
20 weeks B 683 B 2016 B 2.95 


C 684 C 2016 C 2.95 
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In pigs, the provision of an antibiotic supplement up to weaning at 8 weeks 
or to 100 lb. weight, prevented a post-weaning check. There would appear to 
be a slight falling off in the growth rate momentum if the antibiotics are stopped. 
With animals fed to 8 weeks only their weight at 12 weeks was 53 Ib., and in 
those fed the antibiotic beyond that date up to 100 lb. their weight was 60 lb. 


TABLE III 
Age Controls Aureomycin to Penicillin to 
100 Ib. 100 Ib. 
8 weeks 35 |b. 33 Ib. 31 Ib. 
10 weeks 36 |b. 43 lb. 41 Ib. 
12 weeks ‘ ded 46 lb. 54 |b. 52 |b. 
Weight gained o over period 11 Ib. 21 Ib. 21 Ib. 


It was again found in pigs suffering from various scouring conditions, that 
a response was obtained from the use of antibiotics, more marked in the case 
of aureomycin, and sometimes in a most spectacular fashion, especially at 
higher levels of, for instance, 72 grammes of aureomycin per ton, or quite often 
36 grammes per ton. The mortality level in outbreaks of paratyphoid infection 
in weaners for instance was reduced by as much as 50 per cent by the use of 
aureomycin. 

Beveridge (1953) has shown experimentally that infection with virus pneu- 
monia can be prevented by the use of aureomycin therapeutically, but that this 
antibiotic has little effect on disease already present. In other words, it would 
appear that aureomycin can control the disease if used early enough, but it has 
little effect on pneumonia already existing. The same writer found that the 
virus is unaffected by penicillin or the sulpha drugs. 

It is undoubtedly true to say that antibiotics are often of the greatest value in 
the nutrition of runt pigs. 

It was most important to obtain results of grading and curing of carcases 
of antibiotic fed pigs, and the reports indicate no adverse effect on the carcase 
and no increase in back fat with subsequent down grading. Both the aureomycin 
and penicillin fed animals graded out well. There does not appear to be any- 
thing to choose between aureomycin and penicillin in respect to grading. 

The cure has apparently been unaffected and tests on the flesh have failed 
to show the presence of antibiotics. No doubt this is explained by the fact that 
at the levels used none of the antibiotics is believed to leave the gut and reach the 
tissues. It is understood that it is not until amounts varying between 500 grammes 
and 2,000 grammes per ton are fed that detectable amounts (of aureomycin) 
can be found in the flesh. At such levels as 2,000 grammes per ton about 0.1 
milligram of antibiotic can be detected per kilogram of meat. These high levels 
of course, apart from economic reasons, cannot be used except for experimental 
purposes or the treatment of disease on veterinary prescriptions. 

In Great Britain the use of antibiotics does not officially extend to breeding 
stock, although so far there is no evidence of any detrimental effect on the 
progeny of stock so fed, but these are early days yet and it is not possible to 
be dogmatic about this matter. 
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The use of antibiotics in general was found to be beneficial under present- 
day farming conditions. Under excellent conditions the response may be slight, 
but with disease and bad conditions the response can be excellent. The post- 
weaning check is largely eliminated and an improvement is generally seen in 


the food conversion. 
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ABSTRACT OF CURRENT LITERATURE 


NEMBUTAL ANZASTHESIA IN SHEEP, by F. I. Awad. Veterinary Record, 66, 226. 
April 17, 1954. 

Awan states he has obtained a stage of deep anzsthesia for a period of 
27 minutes in adult sheep using veterinary nembutal (Pentobarbiton Sodium— 
Abbott) injected by slow intravenous method, dose 1/5 gr. per lb. bodyweight. 
With lambs anesthesia was maintained for 36 minutes and these findings were 
repeated on a large number of occasions while performing muscle biopsies. The 
dose was given in the left jugular vein, half immediately and the other half 
slowly over two minutes. The writer concludes that nembutal is a satisfactory 
anesthetic for sheep, in contrast to previous suggestions in the literature. 

D.C. 


REVIEWS 


SILAGE FERMENTATION (1954), by A. J. G. Barnett. X + 208 pages; 52 Figs.; 
55 Tables. London: Butterworth’s Scientific Publications. (New 
York: Academic Press Inc.). Price 27s. 6d. 


IF one were to be asked for a list of subjects of interest to the agriculturalist 
and the veterinary surgeon and for which no simple, clear, yet thorough textbook 
has so far been printed, it must surely include “silage.” The production of 
silage has given rise to a large, scattered, international literature which, to the 
reviewer, has always seemed untidy and scrappy, despite the books written by 
some very able investigators. 

The initial sentence of Dr. Barnett’s book begins: “The primary purpose 
of this volume is to present to the student a review of the whole question of 
silage.” In the following sentence the author continues “ Any narrow treatment’ 
. .. is impossible.” So clearly and so well has Dr. Barnett blended his two aims 
that “ Silage Fermentation” can be recommended to many classes of student, 
including post-graduates. The practical farmer will find much to attract his 
attention, since the early pages describe the basis of silage production, the 
advantages and disadvantages of different types of silo, and the losses of nutrients 
which occur during fermentation, whilst the last of nine chapters discusses the 
digestibility and nutritive value of silage. The chemist and the biologist will also 
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discover matter of interest in these early and final chapters, but will doubtless 
be rather more directly concerned with the middle ones, where the biochemistry 
of silage fermentation is discussed at length and where methods of silage analysis 
are fully described. Although each may protest at the task, it will do the 
“ practical” farmer a world of good to plough through the biochemical field 
of silage production, whilst the laboratory worker will be no worse for realising 
both the economic value of the processes he studies in miniature and the diffi- 
culties the farmer, lacking both standardised crops and conditions, may encounter 
in applying such small trials to large scale preparations, country-wide in range. 

The style of the book is simple but clear, whilst a total of more than one 
hundred figures and tables—in so few pages—gives some idea of its documenta- 
tion. References to original research papers number about 300, and are not 
only up-to-date (1953) but are refreshingly catholic in origin, especially when 
compared with some continental-European and U.S. publications. As might 
be expected from the general nature of the subject, there are many portions of 
the text which are of direct interest to veterinary surgeons. 


Tue Dersy Stakes. A complete history from 1900 to 1953, by Vincent Orchard. 
London: Hutchinson. Price 21s. net. 


It was high time that someone took up the task so ably begun by Edward 
Moorhouse. 

The Derby is the most renowned flat race in the world and to win it is 
the hallmark of racing fame for Horse, Owner, Trainer and Jockey. In this 
book we can relive many “ Derbys,” and indeed see again the horses that 
achieved the acme of fame at Epsom and in the substitute race at Newmarket. 
As we read on we note that some winners have made an indelible mark on 
subsequent stock whilst others have no such claim to fame. The illustrations are 
excellent, the inclusion of such details as pedigrees will help solve many an 
argument, and the anecdotes about the horses.and men who have competed for 
“ Derby honours ” will give great pleasure to all devotees of the turf. 

There are fifty-four stories, each one romantic and thrilling, embellished 
by a hundred or so photographs by that great artist Rouch. The pictures alone 
justify the purchase of the book, for they record great horses, famous men and, 
incidentally, remarkable changes in style of riding and dress. 


PREPARATIONS AND APPLIANCES 


“ZERMOPAC” HEATING APPLIANCE 


THE recent introduction of the “ Zermopac ” may well mark the beginning 
of a revolutionary approach to heat therapy. While the manufacturers, Rheuma 
Spa, Ltd., 42 Upper Richmond Road, London, S.W.14, do not claim particular 
advantages in the radiation of heat by the “ Zermopac ” and results of clinical 
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trials have not yet been reported, in all the instances where maintained heat is 
an accepted treatment they state its use is safer, simpler and cheaper than any 
other known method. By pouring two teaspoonfuls of water (hot or cold) into 
the bag it commences to generate its own heat without any electrical assistance 
whatsoever; a temperature of 110 F. is reached after a short while and this will 
increase to 160 F. and remain between these temperatures for approximately 
eight hours. It will then cool or with the addition of a further small amount of 
water and shaken it will retain heat. Whether used continuously or at different 
times the total life of each pack is sixty hours. This appliance is unique as no 
matter where the patient is heat can be obtained immediately, continuously, and 
safely following simple rules. It is not difficult at this stage to foresee the bene- 
ficial uses of the “ Zermopac” for veterinary surgeons as well as the medical 
profession. We have had opportunity of testing the above claims, and the 
manufacturers will be pleased to hear from practitioners who are interested. 


NOTICES 


GENATOSAN LimITED announce the introduction of “ Braxy and Blackleg 
Vaccine A.P.A.,” which has superseded “ Braxy and Blackleg Vaccine,” and is 
now available. The manufacturers state that the dosage for Sheep is 2 c.c. as 
compared with a dosage of 5 c.c. of the original “Braxy and Blackleg Vaccine” 
and the dosage for Cattle is 5 c.c. instead of 10 c.c. The original product has 
been withdrawn. 


Graxo LazoraTorigs, Ltp., announce the introduction from July 12 of 
- Veterinary Intradex (6 per cent dextran in normal saline). It will be available 
in 125 c.c. bottles. Intradex may be used in such conditions as hemorrhage, 
burns, surgical operations, vomiting and enteritis—either as a first-aid measure 
in cases ultimately needing whole blood, or employed as the sole blood volume 
restorer. It may be stored for long periods without deterioration. 


BurroucHs WELLCOME AND Co. announce the introduction of ‘ Wellcome’ 
brand Improved Braxy-Blackleg Vaccine for the prevention of Cl. septicum and 
Cl. chauvoei infections of sheep and cattle. We understand this new vaccine 
gives a higher level of efficiency than the previously issued formolised whole 
culture vaccine. The dose is 2 c.c. for sheep and 5 c.c. for cattle, as against 
5 c.c. for sheep and 10 c.c. for cattle required with the former product which 
has been withdrawn. ‘ Wellcome’ Improved Braxy-Blackleg Vaccine is issued 
in containers of 50 and 100 c.c. 


Publishers’ Notices 
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monthly, and copy for advertisements should d be in the hande of the advertisement manager ot thea 
the 20th of the preceding month, if proof is required. Tel.: Temple Bar 3386. 

Letters for the Journal, literary contributions, reports, notices, books for review, exchanges, new 
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